People's republic of china *These authors contributed equally to this work Aims: Prostate cancer (PCa) is the most frequently diagnosed malignancy in men. However, the underlying mechanism is not fully understood. In this study, we aim to research the molecular mechanisms underlying the initiation and progression of PCa. Results: Plant homeodomain finger protein 8 (PHF8) is upregulated in human PCa tissues and cell lines. PHF8 knockdown attenuates growth and cellular transformation of PCa cells. PHF8 depletion induces PCa cell apoptosis by activating proapoptotic proteins and inactivating antiapoptotic proteins. Furthermore, miR-125b is a target of PHF8, and miR-125b seems to be essential for the hyper proliferation of PCa cells in the presence of PHF8.
Introduction
Prostate cancer (PCa) is the most frequently diagnosed malignancy in men and the second leading cause of cancer deaths among men in Western countries. 1 There is still an urgent need for appropriate diagnostic and prognostic markers for PCa, in addition to the established serum protease prostate-specific antigen. Although the involvement of certain genes and chromosomal aberrations in prostate carcinogenesis has been suggested, 2, 3 the molecular mechanisms underlying the initiation and progression of PCa are poorly understood.
Plant homeodomain finger protein 8 (PHF8) is a JmjC domain-containing protein and erases repressive histone marks, including H4K20me1 and H3K9me1/2.
4-6 PHF8 binds to H3K4me3, an active histone mark usually located at transcription start sites, through its plant homeodomain, and is thus recruited and enriched at promoters of target genes. 7, 8 Chromatin immunoprecipitation-sequencing data from HeLa cells show that approximately 72% of PHF8-binding sites are at promoters. 5 Also, PHF8 regulates the cell cycle biological processes via removing H4K20me1 from the promoters of certain E2F1-regulated genes. 4 Interestingly, altering PHF8 levels in HeLa cells affects H4K20me1 methylation only in late G2/M and early G1 stages of the cell cycle, not globally. 4 PHF8 also binds to rRNA gene promoters and demethylates H3K9me2/1 to activate rRNA synthesis, 6, 9 functioning as an activator. 10 However, the role of PHF8 in human diseases, especially carcinogenesis, is largely unknown.
MicroRNAs have been widely considered in the initiation and development of cancer. Both local and circulating microRNAs have been reported to participate in human PCa. [11] [12] [13] [14] For instance, the oncomiR miR-125b has been demonstrated to promote submit your manuscript | www.dovepress.com
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Ma et al the development of PCa, and the underlying mechanism has been widely investigated. 13, [15] [16] [17] [18] [19] Nevertheless, how miR-125b is regulated in PCa remains elusive.
In the present work, we find that PHF8 is overexpressed in human PCa tissues and cell lines. The results show that PHF8 regulates PCa cell growth, cellular transformation, and survival by regulating the oncomiR miR-125b.
Materials and methods
Patient identification and pathology evaluation
Radical prostatectomy specimens were available from 89 patients treated at the Jinshan Hospital, Fudan University (Shanghai) between 2001 and 2009. Tumors were diagnosed and classified according to the Gleason system. The 19 adjacent normal tissues were obtained from PCa patients undergoing surgery. A written form of informed consent was obtained from all the patients, and the study was approved by the Clinical Research Ethics Committee of Fudan University.
immunohistochemical assay
Tissues were fixed with 4% neutral formalin. Cancer or adjacent tissue sections were subjected to immunohistochemical staining with anti-PHF8 antibody. Paraffin sections were subjected to high-temperature antigen retrieval, 3 minutes in a pressure cooker in 0.01 M citrate buffer pH 6.0. Slides were treated with 3% H 2 O 2 for 15 minutes, blocked in 5% normal horse serum in phosphate-buffered saline for 20 minutes, and stained with anti-PHF8 antibody in 5% normal goat serum overnight at 4°C. Secondary antibody was used according to VECTASTAIN ABC ® kits, followed by DAB staining. The areas of total prostate tumors and PHF8-positive areas were quantified using ImageJ. The average percentage of PHF8-positive area is 31%. This median value was used to cut off the subgroups of all immunohistochemical variables in our data. The patients were then divided into two groups: PHF8 high expression group ($31% PHF8-positive/total tissue cores, n=41) and PHF8 low expression group (,31% PHF8-positive/total tissue cores, n=48).
Western blot
PCa tissues and cells were lysed with cell lysis buffer (Beyotime Institute of Technology, Shanghai, People's Republic of China). Total proteins were applied to SDS-polyacrylamide gel. After electrophoresis, the proteins were transferred to poly(vinylidene fluoride) membranes, followed by blocking in the buffer containing 5% fat-free dry milk. The membranes were then probed with indicated antibodies overnight, and then washed and incubated with HRP-conjugated secondary antibodies (Zhongsan Jinqiao Biotechnology, Beijing, People's Republic of China) for 1.5 hours, and finally, visualized using Chemiluminescent ECL reagent (Vigorous Biotechnology, Beijing, People's Republic of China). The following antibodies were used: anti-GAPDH (Cell Signaling Technology, Beverly, MA, USA), anti-PHF8 (Cell Signaling Technology), anti-poly(ADP-ribose) polymerase (Abcam, Cambridge, UK), anti-caspase 3 (Abcam), anti-Bax (Abcam), anti-Bcl-2 (Santa Cruz Biotechnology Inc., Dallas, TX, USA), and anti-p21 (Santa Cruz).
Quantitative real-time Pcr
Total RNA was extracted from cells or tissues with TRIzol ® , and cDNA was synthesized from 1 μg of RNA with one-Step RT-PCR Kit. q-PCR was performed with the SYBR Green detection method on an ABI-7500 RT-PCR system (Thermo Fisher Scientific, Waltham, MA, USA). GAPDH was used as housekeeping gene. The primers used are listed in Table S1 .
cell lines and cell culture 
Package of retrovirus and transduction
Control sh-RNA and specific sh-RNAs targeting PHF8 were purchased from Thermo Fisher Scientific, and the corresponding sequences were cloned into the pSIREN-RetroQ plasmid (Addgene, Cambridge, MA, UK) for retrovirus production with 293T cells. The targeting sequences are listed in Table S2 . For transduction, 293T cells were incubated with virus-containing supernatant in the presence of 8 mg/ mL polybrene. After 48 hours, infected cells were selected with puromycin (2 mg/mL). Then, the clones were picked and cultured for further experiment.
For transfection, the locked nucleic acid (LNA)-antimiR125b or LNA-control (Exiqon A/S, Skelstedet, Vedbaek, Denmark) was delivered at a final concentration of 50 nM using Lipofectamine ® 2000 reagent (Thermo Fisher Scientific).
cell proliferation assay
Cell proliferation rate was tested with MTT assay. The MTT assay was performed using MTT Cell Proliferation and 
soft sugar colony formation assay
PCa cells were suspended in 1.5 mL complete medium supplemented with 0.45% low melting point agarose (Thermo Fisher Scientific). The cells were placed in 35 mm tissue culture plates containing 1.5 mL complete medium and agarose (0.75%) on the bottom layer. The plates were incubated at 37°C with 5% CO 2 for 2 weeks. Cell colonies were stained with 0.005% crystal violet and analyzed using a microscope.
in vivo tumor growth experiment
Xenograft mice experiments were performed as described previously. 20 In brief, equal numbers of PHF8 cells expressing either control or PHF8 knockdown vectors were injected subcutaneously, within 30 minutes of harvesting, over the right and left flanks in male nu/nu mice between 4 weeks and 6 weeks of age. Tumor growth was monitored using calipers. The mice were killed, and the tumors were weighted 3 weeks after inoculation. N=10 in each group. The experimental protocol used in this study has been reviewed and approved by the Jinshan Hospital affiliated to Fudan University -Institutional Animal Care and Use Committee on their ethical procedures and scientific care.
apoptotic assays
Cells were washed twice with cold PBS, and then resuspended in 1× binding buffer (BD Biosciences, San Jose, CA, USA) at a concentration of 1×10 6 cells/mL. Then, 100 mL of the solution (1×10 5 cells) was transferred to a 5 mL culture tube and stained with 5 mL each of allophycocyaninannexin V (BD Biosciences) and 50 mg/mL propidium iodide (Thermo Fisher Scientific). The cells were gently mixed and incubated at room temperature for 15 minutes. For assessment of apoptosis, 400 mL of 1× binding buffer was then added to each tube and the samples were analyzed by flow cytometry using a LSRII instrument (Becton, Dickinson and Company, Franklin Lakes, NJ, USA).
The induction of apoptosis was also monitored by terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) method. The TUNEL assay was performed according to the guidelines recommended by the TUNEL Apoptosis Kit (R&D Systems, Inc.).
luciferase assay
To generate the luciferase reporter vectors, an internal ribosome entry site was amplified from pMSCV-PIG and cloned into the BglII site of pGL3-Basic (Promega Corporation, Fitchburg, WI, USA). miR-125b promoter fragments 21 were amplified from human genomic DNA and cloned into the XhoI site. Twenty-four hours before transfection, 7×10 4 cells were plated per well in a 24-well plate. pGL3 constructs (100 ng) plus 1 ng of the Renilla luciferase plasmid phRL-SV40 (Promega) were transfected using FuGENE 6 (Hoffman-La Roche Ltd., Basel, Switzerland). Twenty-four hours after transfection, luciferase assays were performed using the dual luciferase reporter assay system (Promega). Firefly luciferase activity was normalized to Renilla PHF8-mediated transactivation of miR-125b luciferase activity for each transfected well. Full-length human PHF8 was cloned into the pcDNA4 vector for expression in mammalian cells. For each experimental trial, wells were transfected in triplicate and each well was assayed in triplicate. For each condition tested, the luciferase activity was normalized to the activity produced from empty vector.
statistical analysis
All the values are expressed as the mean ± standard error of mean (SEM). Statistical differences between the two groups were determined using Student's t-test. The correlation of PHF8 immunoreactivity with patients' clinicopathological variables was analyzed by the χ 2 test or Fisher's exact test. The Kaplan-Meier method was used to estimate overall survival. Survival differences according to PHF8 or miR-125b expression were analyzed by the log-rank test. Regression analysis was performed using GraphPad Prism ® . P-values of ,0.05 were considered statistically significant.
Results
PhF8 is upregulated in human Pca tissues and cell lines
To investigate the potential role of the histone demethylase PHF8 in human PCa, we first profiled the expression pattern of PHF8 in human normal prostate tissues and cancer tissues. We analyzed 19 normal tissues and 89 PCa tissues and found that PHF8 was upregulated in human PCa tissues at both mRNA and protein levels ( Figure 1A and B) . Furthermore, we analyzed the expression of PHF8 in three human PCa cell lines (LNCaP, PC-3, and DU145) and normal prostate epithelial cell lines (PNT2 and BPH-1). The results showed that PHF8 mRNA levels were high in PCa cells compared to normal epithelial cells ( Figure 1C ). Taken together, these findings demonstrate that PHF8 is upregulated in human PCa and indicate the potential role of PHF8 in human PCa.
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PhF8 regulates Pca growth and cellular transformation
Since our results indicated that PHF8 is involved in human PCa, we explored whether PHF8 regulates the cellular behaviors of PCa cells. Therefore, we knocked down PHF8 in PCa cell lines, LNCaP, PC-3, and DU145. We found that PHF8 knockdown reduced cellular proliferation rate of PCa cells in vitro (Figure 2A-C) . We next probed the potential contribution of PHF8 to the transformative properties of PCa cells. We observed that PHF8-depleted cells possessed reduced colony-forming activity in LNCaP, PC-3, and DU145 cells (Figure 2D-F) . Furthermore, we generated prostate cells with stably PHF8 knockdown and performed xenograft experiment. The results showed that PHF8 knockdown significantly inhibited the growth of PCa cells in vivo ( Figure 2G-I ). These evidences demonstrate that PHF8 promotes PCa cell growth and cellular transformation.
PhF8 regulates apoptosis of Pca cells
To investigate whether PHF8 regulates PCa cell proliferation and colony formation by orchestrating survival, we performed fluorescence-activated cell sorting to detect apoptotic cells. We found that PHF8 knockdown significantly increased the number of apoptotic cells in LNCaP, PC-3, and DU145 cells ( Figure 3A) . We next performed TUNEL assay to investigate whether DNA damage is involved in apoptosis induced by PHF8 knockdown. Markedly, PHF8 knockdown increased the number of TUNEL-positive cells in PCa cells, indicating that PHF8 knockdown induced DNA damage ( Figure 3B ). Finally, we performed Western blot to analyze the apoptotic signaling pathways. The results indicated that PHF8 knockdown activated apoptotic pathway and inactivated antiapoptotic pathway. In detail, PHF8 knockdown increased the protein level of Bax, p21, cleaved caspase 3, and cleaved PARP, while the antiapoptotic protein Bcl-2 was downregulated when PHF8 was knocked down (Figures 3C and S1 ). Taken together, PHF8 regulates survival of human PCa cells.
PhF8 promotes mir-125b expression in human Pca
miR-125b is widely accepted as an oncogenic microRNA, and its role has been deeply investigated in human PCa. 
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PhF8 in prostate cancer miR-125b was reported to be an important antiapoptotic factor and regulated drug resistance in human PCa. Our q-PCR results also showed that miR-125b was upregulated in human PCa tissues ( Figure 4A ), which was consistent with previous reports. 13 Furthermore, we performed linear regression analysis to figure out whether miR-125b level is correlated with PHF8 expression in human PCa. The results indicated that miR-125b level was significantly and positively correlated with PHF8 level in human PCa tissues ( Figure 4B ), indicating that PHF8 may regulate miR-125b. We next knocked down PHF8 in LNCaP cells and found that PHF8 knockdown significantly reduced the level of miR-125b ( Figure 4C ). Finally, our luciferase assay demonstrated that PHF8 overexpression enhanced the promoter activity of miR-125b ( Figure 4D ). Taken together, these results demonstrate that PHF8 regulates miR-125b expression in human PCa.
Mir-125b is critically for PhF8 function in Pca
As we have demonstrated that PHF8 regressed the expression of miR-125b, we wanted to know whether miR-125b is essential for the function of PHF8 in human PCa. We knocked down miR-125b in LNCaP cells using specific LNA-antimiR-125b ( Figure 5A ). We found that miR-125b knockdown reduced LNCaP cell proliferation and induced apoptosis ( Figure 5B and C) . However, PHF8 knockdown 
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Ma et al was unable to affect LNCaP cell proliferation and apoptosis when miR-125b was knocked down (Figure 5B and C) . These results demonstrate that miR-125b is critically essential for the function of PHF8 in human PCa.
Discussion
PHF8 functions essentially in many developmental and disease processes. Mutations in PHF8 are associated with X-linked mental retardation and cleft lip/cleft palate. 10, [22] [23] [24] Histone demethylation modulated by PHF8 is suggested to play a critical role in neuronal differentiation, brain, and craniofacial development. 4, 25 Recently, PHF8 was reported to participate in several types of cancers, including leukemia, esophageal squamous cell carcinoma (ESCC), non-smallcell lung cancer, and PCa. In acute promyelocytic leukemia, PHF8 governs retinoic acid response. All-trans retinoic acid (ATRA) sensitivity depends on the enzymatic activity and phosphorylation status of PHF8, which in turn can be pharmacologically manipulated to resurrect ATRA sensitivity to resistant cells. 26 Oncogenic features of PHF8 in ESCC were also reported. 27 Currently, PHF8 was shown to regulate lung cancer cells growth and survival by targeting miR-21. 28 Björkman et al 29 carried out a systematic, genome-wide analysis of the functional significance of 615 epigenetic proteins in PCa cells. They identified that PHF8 was overexpressed in PCa with an impact on cell proliferation, migration, 
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PhF8 in prostate cancer and invasion. 29 Inconsistent with the finding of Björkman et al 29 we found that PHF8 was overexpressed in human PCa tissues and cell lines (Figure 1 ). In the present study, we also found that PHF8 knockdown inhibits cellular proliferation of PCa cells (LNCaP, PC-3, and DU145) in vitro and in vivo ( Figure 2) . Furthermore, cellular transformation of PCa cells was also reduced by PHF8 knockdown (Figure 2 ). In addition, we showed that PHF8 knockdown induces apoptosis in PCa cells by upregulating apoptotic protein (Bax, p-21, cleaved caspase 3, and cleaved PARP) and downregulating the antiapoptotic protein Bcl-2. Noticeably, DNA damage is involved in this effect ( Figure 3) . Together with the previous reports, our evidence indicates that PHF8 regulates cellular proliferative, transformative, and survival behaviors of cancer cells.
The oncomiR miR-125b has been reported to participate in human PCa. 19 miR-125b was found to have the ability of rendering LNCaP cells resistant to androgen withdrawal.
It was found to be androgen regulated and one of its targets, BAK1, was identified as being involved in how these PCa cells undergo apoptosis functionally. 30 miR-125b promotes growth of PCa xenograft tumor through targeting proapoptotic genes. 18 Both p53-dependent and p53-independent pathways are involved in miR-125b-mediated apoptosis in PCa. 16 For a long time, the underlying mechanism by which miR-125b is regulated remained unknown. We found that PHF8 could activate the promoter of miR-125b and promote its expression in human PCa cells (Figure 4 ). PHF8 knockdown induced apoptosis in PCa cells, and p53 may be involved in this process, because p21, a downstream target of p53 was upregulated when PHF8 was knocked down (Figure 3 ), which may be attributed to the downregulation of miR-125b. Finally, we demonstrated that miR-125b was critically essential for PHF8 effects on proliferation and apoptosis of PCa cells ( Figure 5 ). 
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Conclusion
In conclusion, we identify the histone demethylase PHF8 as an oncogenic protein in human PCa. These findings indicate PHF8 as a potential candidate for clinical intervention.
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